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" FIBRINOGEN RECEPTOR ANTAGONISTS

BACKGROUND OF THE INVENTION

The invention relates generally to modulatmg cell
~adhesion and to inhibiting the binding of fibrinogen and
other proteins to blood platelets, and inhibiting the
aggregation of blood platelets specifically to the IIb-
/1l1a fibrinogen receptor site. Fibrinogen is a glycopro-
tein present in blood plasma that participates in platelet
aggregation and in fibrin formation. Platelets are cell-
like anucleated fragments, found in the blood of all
mammals, that also participate in blood coagulation.

Interaction of fibrinogen with the I1b/IIla receptor site

1s known to be essential for normal platelet function.

When a blood vessel is damaged by an injury or other
causative factor, platelets adhere to the disrupted suben-
dothethial surface. The adherent platelets subsequently
release biologically active constituents and aggregate.
Aggregation is initiated by the binding of agonists, such
as thrombin, epinephnine, or ADP to specific platelet
membrane receptors. Stimulation by agonists results in
exposure of latent fibrinogen receptors on the platelet
surface, and binding of fibrinogen to the glycoprotein
IIb/111a receptor complex. |

Attempts have been made to use natural products and
synthetic peptides to determine the mechanism of adhe-
sion and platelet aggregation. For example, Rouslahti
and Pierschbacher in Science, 238, 491-497 (1987), de-
~ scribe adhesive proteins such as fibronectin, vitronectin,
osteopontin, collagens, thrombospondin, fibrinogen,
and von Willebrand factor that are present in extracellu-
lar matrices and in blood. The proteins contain the
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attachment-promoting activity. Peptides having a tetra-
peptide recognition site are described in U.S. Pat. Nos.
4,589,881 and 4,614,517. A number of large polypeptide
fragments in the cell-binding domain of fibronectin
have cell-attachment activity. For example, see U.S.
Pat. Nos. 4,517,686, 4,661,111 and U.S. Pat. No.
4,578,079.

Ruggeri et al.,, Proc. Nat’l Acad. Sci. U.S.A,, 83,
5708-5712 (1986) explore a series of synehetic peptides
designed in lengths to 16 residues, that contain RGD
and a valine attached to the aspartic acid residue of
RGD that inhibit fibrinogen binding to platelets. See
also Koczewiak et al., Biochem. 23, 1767-1774 (1984),

Ginsberg et al., J. Biol. Chem. 260(7), 3931-3936 (1985);

and Haverstick et al.,, Blood 66(4), 946-952 (1985).
Other inhibitors are disclosed in Eur. Pat. App. Nos.

275,748 and 298,820.
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tripeptide arginine-glycine-aspartic acid (RGD) as their

glycoprotein I11b/I1la recognltmn site. These arginine-
glycine-aspartic acid containing tripeptides are recog-
nized by at least one member of a family of structurally
related receptors, integrins, which are heterodimeric
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proteins with two membrane-spanning subunits. The

authors state that the conformation of the tripeptide
- sequence In the individual proteins may be critical to
~recognition Spemﬁcuy

Cheresh in Proc. Nat'l Acad. Sci. US.A, 84,
6471-6475, (1987), describes an Arg-Gly-Asp directed
adhesion receptor expressed by human endothethial
cells that is structurally similar to the IIb/IIla complex
on platelets but is antigentically and functionally dis-
tinct. This receptor is directly involved in endothelial
cell attachment to fibrinogen, von Willebrand factor,
and vitronectin.
- Pierschbacher and Rouslahti, in J. of Biol. Chem.,
262, (36), 17294-17298 (1987) hypothesized that the
Arg-Gly-Asp sequence alone would be a sufficient sig-
nal for receptor recognition and binding and that, there-

fore, the conformation of the tri-peptide sequence

would be determinative. Various synthetic peptides
were produced and the authors concluded that the
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sterochemical conformation of Arg-Gly-Asp as influ-

enced by enantiomeric substitutions or additions to this
sequence significantly influenced receptor-ligand inter-
action. The authors further showed that cyclization of a
decapeptide by forming a disulfide bridge between non-
terminal residues Pen and Cys, rendered the peptide
- much less effective at inhibiting attachment to fibronec-
tin.

In Proc. Nat’l Acad. Sci. U.S.A.,, 81, 5985-5988
(1984), the same authors describe tetrapeptide variants
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of the cell recognition site of fibronectin that retain

A number of low molecular weight po]ypeptlde fac-
tors have been isolated from shake venom. These fac-
tors apparently have high affinity for the gpllb/Illa
complex. For example, Huang et al., J. Biol Chem., 262,
16157-16163 (1987); Huang et al.,, Biochemistry 28,
661-666 (1989) describe the primary structure of the
venom trigramin which is a 72 amino acid polypeptlde
that contains the RGD subunit. Echistatin is another
venom which has high affinity for the gpIIb/1Ila com-
plex. This polypeptide contains 49 amino acids and has
the RGD subunit and various disulfide bridges. Gan et
al., J. Biol. Chem., 263, 19827-19832 (1988). See also,
Dennis et al., Proc. Nat’l Acad. Sci. U.S.A., 87,
2471-2475 (1989). However, these snake venom factors
also have high affinity for other members of the adhe-
sive protein receptor family including the vitronectin
and fibronectin receptors so are not selective for the
gpllb/1lla complex.

While it is known that the tripeptide sequence Arg-
Gly-Asp is present in certa.n polypeptides that can
duplicate or mhibit the cell attachment-promoting ef-
fects of fibronectin and vitronectin, the tri-peptide Arg-

‘Gly-Asp has low activity. At present, there is little

understanding of how other amino acids coupled to this
sequence influence binding specificity. U.S. Pat. No.
3,023,233, assigned to Merck & Co., Inc., discloses small
cyclic hexapeptides which contain the sequence Arg-
Gly-Asp and are useful platelet aggregation inhibitors.
U.S. Pat. No. 5,037,808 discloses the use of indolyl
platelet-aggregation inhibitors which are believed to act
by antagonizing interactions between fibrinogen and/or
extracellular matrix proteins and the platelet gplib/IlIa
receptor. U.S. Pat. No. 5,037,808 discloses guanidino
peptide mimetic compounds that retain an Asp residue
which inhibit platelet aggregation. The application
PCT/US90/02746 describes the use of antibody-
polypeptide conjugates wherein said polypeptides con-
tain the Arg-Gly-Asp (RGD) sequence.

The application PCT/US91/00564 discloses the use
of large cyclic peptides containing RGD flanked by
proline residues which are platelet aggregation inhibi-
tors. The application PCT/US90/03788 discloses small
cychic platelet aggregation inhibitors which are syn-
thetic cyclic pentapeptides containing the tripeptide
sequence Arg-Gly-Asp and a thioether linkage in the
cycle. The application PCT/US90/05367 published
May 2, 1991 also discloses the use of peptides and
pseudopeptides such as N-amidino-piperidine-3-carbox-

ylglycyl-1L-aspartyl-L-valine that inhibit platelet aggre-

gation and thrombus formation in mammalian blood.
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The application Eur. Pat. App. No. 91103462.7 dis-
closes linear compounds which can inciude internal
piperazinyl or piperidinyl derivatives. Eur. Pat. App.
No. 91300179.8, assigned to Merck & Co., Inc., and
published on Jul. 17, 1991 discloses linear polypeptide 5
fibrinogen receptor antagonists. Eur. Pat. App. No.
90101404.3 discloses compounds of the R1-A-(W),-X-
(CH3)p-(Y)~B-Z-COOR wherein R! is a guandidino or
amidino moiety and A and B are chosen from specific
monosubstituted aryl or heterocyclic moieties.

While a multitude of compounds or peptide analogs
believed to inhibit platelet aggregation by inhibiting
binding to a blood platelet by fibrinogen are known, the
present invention provides novel fibrinogen receptor
antagonists that have significant binding activity and
are, therefore, useful for the reasons stated herein. A
number of very serious diseases and disorders involve
hyperthrombotic complications which lead to intravas-
cular thrombi and emboli. Myocardial infarction,
stroke, phlebitis and a number of other serious condi-
tions create the need for novel and effective fibrinogen
receptor antagonists.

SUMMARY OF THE INVENTION

The invention is a fibrinogen receptor antagonist of 25
the formula:
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R! 1)
R? 30
R2
CO;R3
Z—Y—X
35

and the pharmaceutically acceptable salts thereof
wherein:
R!is chosen independently from
hydrogen,
Ci.6 alkyl,
arylCs.10alkyl,
aryl,
carboxy,
Ci.¢ alkyloxy,
carboxyCo.¢alkyl,
carboxyCi.salkyloxy,
hydroxyCg.salkyl,
Ci4 alkylsulfonylCg.galkyl,
Co4 alkylaminoCg.ealkyl,
arylCo.10alkylaminoCq.alkyl,
C2.10 acylaminoCgp.galkyl,
Ci4 carboalkoxyCo.salkyl, or
halogen;
R? is chosen independently from
H!
halogen,
hydroxy,
Ci.¢ alkyloxy,
aryl Co. alkyl,
aryl Cop.¢ alkyloxy,
Ci.¢alkyl, wherein the alkyl group is unsubstituted or
substituted with one or more groups chosen from:
(a) hydroxy, (b) C;4 alkyloxy, (c) amino Cgq.1g al-
kylcarbonyl, (d) arylCgp.ipalkylcarbonyl, (e) C;.
6alkylcarbonylamino, (f) arylCg4 alkylcar-
bonylamino, (g) Cj.salkylsulfonyl, (h) arylCgq.¢alk-
yisulfonyl, (1) Cy.¢ alkylsulfonylamino, (§) arylCo.10
alkylsulfonylamino, (k) Ci.10 alkyl oxycar-
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bonylamino, (I) arylCg.¢alkylamino, (m) arylCo.¢
alkylcarbonylamino, (n) amino, (0) carboxyl, (p)
aryl (q) -carbonyl-P or —SO,-P where P is a single
L or D amino acid or a sequence of 2-4 L. or D
amino acids connected by amide linkages.

carboxyl,

Ci.¢ alkylcarbonyl,

aryl Co.10 alkylcarbonyl,

Ci-¢ alkyloxycarbonylaminoCj.ealkyl,

Co-6 alkylaminocarbonylaminoCj.¢alkyl,

arylCg.galkylaminocarbonylaminoCi.galkyl,

aryl Co.¢alkyloxycarbonylaminoCi.galkyl

Ci.¢ alkyloxycarbonyl, or

arylCo.salkyloxycarbonyl,

and provided that when there is more than one R? on
the same carbon atom, they may be the same or
different;

Riis

H,

Ci-¢ alkyl, or

arylCi.i0alkyl;

Z1s

NR4R wherein R4 and R> are independently H, Cj.¢
alkyl, aryl Cy.10alkyl wherein said alkyl groups are
unsubstituted or substituted with Cj4 alkyloxy,
carboxy Co-¢ alkyl, hydroxy, halogen, or

a 4-9 membered mono or bicyclic ring system con-
taining 1, 2 or 3 heteroatoms chosen from N, O or

S and either unsubstituted or substituted with R4or
R, or

NR’ NR> NR>
| I I
RYNH~~C=; —NR*—CH; —NR4C—NR*R>;

Y 1s
Ci-10 alkyl either unsubstituted or substituted with
one or more groups selected from R4 or R5;
Ca.g cycloalkyl,
aryl,
Co.zalkylarylCq.3alkyl,
Co-aalkylarylCgp.aalkylcarbonyl,
- Co-zalkylarylCg.3alkylcarboxamido,
Co.3alkylaryloxyCo.3alky],
Co.3alkyloxyCo.-salkyl,

0 0
| |
—CNH, —NHC—,

or

—{(CH2)m—Q—(CH), where Q is a Cy.3 membered
heterocyclic ring containing 1, 2, or 3 heteroatoms
chosen from N, O or S and substituted or unsubsti-
tuted with oxo, thio, or Cy4 alkyl and m and n are
chosen from the integers 0, 1, 2, or 3;

X 1s

O,

S,

SO,

S0;,

CO,

—NR4CO—,

—CONR4%—,

_CHZ_!

—CH=CH,

—Cax=C—;

—NR4CS—,
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—CSNR4—, |
SO»NR#4, or R2
NR4SQO..
A preferred group of compounds of the present in-
vention are those defined for the generai structure: : Z—=Y—X CO2H
- R*l wherein,
R2 is chosen from:
o hydrogen,
hydroxy,
halogen,
Ci.6 alkyloxycarbonyl,
Z-Y-X carboxy
15 Ci.6 alkyl, wherein the alkyl group is substituted
wherein: with
Rlis H, Ci.6 alkylsulfonyl,
Ci.3 alkyl, or -arylCo.galkylsulfonyl,
carboxyCj.3alkyl: Ci1.¢ alkylsulfonylamino,
R2 is chosen from: 20 gylciea%kylzzlfc&;lylamino,
1-¢ alkylcarbonyl,
ﬁ:&r;:i ’ arlel.ﬁalkylcarbonyl‘,
hydrogen Ci.6 alkylcarbonylamlno.
aryl Co.4a1,k$rl, ary_lCo.ealky]carbonylarmno,
carboxylCo.zalkyl, 25 :’:;,‘1’,‘0’ o
C1.¢ alkyloxy carbony], 7 is ’
- Ci.ealkyl, wherein the alkyl group is unsubstituted or NR4R5 or

substituted with Ci.¢ alkylsulfonyl, Cj.¢alkylsul-
fonylamino, Cj.¢ alkylcarbonyl; arylCgp.ealk-
ylamino, Cj.¢ alkylcarbonylamino, arylCg.ealkyl-
sulfonyl, arylCop.¢alkylsulfonylamino, arylCo.ealk-
ylcarbonyl, or arylCg.¢ alkylcarbonylamino;
R3is |
H, or
Ci.salkyl;
Z 1S
NR4R5, or | |
a 4-9 membered mono or bicyclic ring system con-
taining 1 or 2 heteroatoms chosen from N and
either unsubstituted or substituted with R4or R>, or

I|\IIR5.- | ﬂ;RS ]I\lqRS
RANH~C=: =—NR4—=C—H: or =—NR4—C—NR*RS;

Y 1s |

-~ Cj.10 alky! either unsubstituted or substituted
with R4éor R3,

—CHjarylICHy—,

—CH)arylCO-—, or

- —CH3arylOCH—;

X 1S
— (O,

.._'S_,

—SO—,

—S0y—,

e CO

—NR4CO—,

—CONR4—,

"'"'"'CHT'"":

—CH—=—CH-~—, or

—Ca=(C—.

A more preferred group of compounds of the present
- invention are those defined for the general structure:
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a 5-7 membered monocyclic ring system containing 1
or 2 heteroatoms chosen from N and either unsub-
stituted or substituted with R4 or R5; or

zﬁrRS 1|~iIR5 ?ITR-"
R4INHK—C—, —NR4—CH, or ~~NR*~C—NR4R’;

Y 1s

Ci.¢ alkyl either unsubstituted or substituted with R4
or R>;

—CHjarylCHy—, or
—CH,arylCO—;

X 1s
—O—,
—'502,
—NR4CO—,
—CONR4—,
—CHZ—';
—CO—, or
—CH=—CH—.

DETAILED DESCRIPTION OF THE
INVENTION

The term “pharmaceutically acceptable salts™ shall
mean non-toxic salts of the compounds of this invention
which are generally prepared by reacting the free base
with a suitable organic or inorganic acid. Representa-
tive salts include the following salts: Acetate, benzene-
sulfonate, benzoate, bicarbonate, sisulfate, sitartrate,
borate, bromide, calcium edetate, camsylate, carbonate,
chloride, clavulanate, citrate, dihydrochloride, edetate,
edisylate, estolate, esylate, fumarate, gluceptate, gluco-
nate, glutamate, glycollylarsanilate, hexylresorcinate,
hydrabamine, hydrobromide, hydrochloride, hydrox-
ynapthoate, iodide, isothionate, lactate, lactobionate,
laurate, malate, maleate, mandelate, mesylate, methyl-
bromide, methylnitrate, methylsulfate, mucate, napsy-
late, nitrate, oleate, oxalate, pamaote, palmitate, pan-
thothenate, phosphate/diphosphate, polygalacturonate,
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salicylate, stearate, subacetate, succinate, tannate, tar-
trate, teoclate, tosylate, triethiodide, valerate.

The term “pharmaceutically effective amount™ shall
mean that amount of a drug or pharmaceutical agent
that will elicit the biological or medical response of a
tissue, system or animal that is being sought by a re-
searcher or clinician. The term “anti-coagulant” shall
include heparin, and warfarin. The term *“thrombolytic
agent” shall include streptokinase and tissue plasmino-
gen activator. The term “platelet anti-aggregation
agent” shall include aspirin and dipyridamole.

The term “aryl” shall mean a mono- or polycyclic
system composed of 5- and 6-membered aromatic rings
containing 0, 1, 2, 3, or 4 heteroatoms chosen from N, O
~or S and either unsubstituted or substituted with R4 or
RS,

The term “alkyl” shall mean straight or branched
alkane, alkene or alkyne. The term “alkoxy” shall be
taken to include an alkyl portion where alkyl is as de-
fined above.

The terms “arylalkyl” and “alkylaryl’” shall be taken
to include an alky! portion where alkyl is as defined
above and to include an aryl portion where aryl is as
defined above. The Co., or Ci.; designation where n
may be an integer from 1-10 or 2-10 respectively refers
to the alkyl component of the arylalkyl or alkylaryl
unit.

The term “halogen” shall include fluorine, chlorine,
iodine and bromine.

The term “oxy” shall mean an oxygen (O) atom. The
term ‘“‘thio” shall mean a sulfur (S) atom. Under stan-
dard nonmenclature used throughout this disclosure,
the terminal portion of the designated side chain 1s de-
scribed first followed by the adjacent functionallity
toward the point of attachment. For example, a Ci¢
alkyl substituted with Ci.¢ alkylcarbonylamino ts equiv-
alent to

H

|
Cj_¢-alkyl-N—C—Cj_galkyl.

0
J

In the schemes and examples below, various reagent
-symbols have the following meanings:
BOC(Boc): t-butyloxycarbonyl.

Pd-C: Palladium on activated carbon catalyst.
DMF: Dimethyiformamide.

DMSO: Dimethylsulfoxide.

CBZ: Carbobenzyloxy.

CH)Cl;: Methylene chlonde.

CHCl3: chloroform.

EtOH: ethanol.

MeOH: methanol.

EtOAc: ethyl acetate.

HOACc: acetic acid.

BOP: Benzotnazol-1-yloxytris(dimethylamino)phos-
phonium, hexafluorophosphate. |
EDC: 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide

Oxone: potassium peroxymonosulfate
LDA: Lithium dusopropylamide

The compounds of the present invention can be ad-
ministered in such oral forms as tablets, capsules (each
of which includes sustained release or timed release
formulations), pills, powders, granules, elixers, tinc-
tures, suspensions, syrups, and emulsions. Likewise,
they may be administered in intravenous (bolus or infu-
sion), intraperitoneal, subcutaneous, or intramusculsar
form, all using forms well known to those of ordinary
skill in the pharmaceutical arts. An effective but non-
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8

toxic amount of the compound desired can be employed
as an anti-aggregation agent.

Compounds of the invention may be administered to
patients where prevention of thrombosis by inhibiting
binding of fibrinogen to the platelet membrane glyco-
protein complex IIb/1I1a receptor is desired. They are
useful in surgery on peripheral arteries (arterial grafts,
carotid endarterectomy) and in cardivascular surgery
where manipulation of arteries and organs, and/or the
interaction of platelets with artificial surfaces, leads to
platelet aggregation and consumption. The aggregated
platelets may form thrombi and thromboemboli. They
may be administered to these surgical patients to pre-
vent the formation of thrombi and thromboemboh.

Extracorporeal circulation is routinely used for cardi-
ovascular surgery in order to oxygenate blood. Platelets
adhere to surfaces of the extracorporeal circuit. Adhe-
sion is dependent on the interaction between gpllb/Illa
on the platelet membranes and fibrninogen adsorbed to
the surface of the circuit. (Gluszko et al., Amer. J
Physiol., 252(H), 615-621 (1987)). Platelets released
from artificial surfaces show impaired hemostatic func-
tion. Compounds of the invention may be administered
to prevent adhesion. |

Other applications of these compounds include pre-
vention of platelet thrombosis, thromboembolism and
reocclusion during and after thrombolytic therapy and
prevention of platelet thrombosis, thromboembolism
and reocclusion after angioplasty or coronary and other
arteries and after coronary artery bypass procedures.
They may also be used to prevent myocardial infarc-
tion.

The dosage regimen utilizing the compounds of the
present invention is selected in accordance with a vari-
ety of factors including type, species, age, weight, sex
and medical condition of the patient; the severity of the
condition to be treated; the route of administration; the
renal and hepatic function of the patient; and the partic-
ular compound or salt thereof employed. An ordinarilly
skilled physician or veterinarian can readily determine
and prescribe the effective amount of the drug required
to prevent, counter, or arrest the progress of the condi-
tion.

Oral dosages of the present invention, when used for
the indicated effects, will range between about 0.01 mg
per kg of body weight per day (mg/kg/day) to about
100 mg/kg/day and preferably 1.0-100 mg/kg/day and
most preferably 1-20 mg/kg/day. Intravenously, the
most preferred doses will range from about 1 to about
10 mg/kg/minute during a constant rate infusion. Ad-
vantageously, compounds of the present invention may
be administered in divided doses of two, three, or four
times daily. Furthermore, preferred compounds for the
present invention can be administered in intranasal form
via topical use of suitable intranasal vehicles, or via
transdermal routes, using those forms of transdermal
skin patches well known to those of ordinary skill in
that art. To be administered in the form of a transdermal
delivery system, the dosage administration will, or
course, be continuous rather that intermittant through-
out the dosage regime.

In the methods of the present invention, the com-
pounds herein described in detail can form the active
ingredient, and are typically administered in admixture
with suitable pharmaceutical diluents, excipients or
carriers (collectively referred to herein as “carrier”
materials) suitably selected with respect to the intended
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form of administration, that is, oral tablets, capsules,
elixers, syrups and the like, and consistent with conven-
tion pharmaceutical practices.

For instance, for oral administration in the form of a

tablet or capsule, the active drug component can be

combined with an oral, non-toxic, pharmaceutically
acceptable, inert carier such as lactose, starch, sucrose,
glucose, methyl cellulose, magnesium sterate, dicalcium

-~ phosphate, calcium sulfate, mannitol, sorbitol and the

like; for oral administration in liquid form, the oral drug
components can be combined with any oral, non-toxic,

o pharmaceutically acceptable inert carrier such as etha-

nol, glycerol, water and the like. Moreover, when de-
sired or necessary, suitable binders, lubricants, distinter-
‘grating agents and coloring agents can also be incorpo-
rated into the mixture. Suitable binders include starch,
gelatin, natural sugars such as glucose or beta-lactose,
com-sweeteners, natural and synthetic gums such as
acacia, tragacanth or sodium alginate, carboxymethylk-
cellulose, polyethylene glycol, waxes and the like. Lu-
bricants used in these dosage forms include sodium
oleate, sodium sterate, magnesium sterate, sodium ben-
zoate, sodium acetate, sodium chloride and the like.
Disintegrators include, without limitation, starch
methyl cellulose, agar, bentonite, xanthan gum and the
~ hike.

- The compounds of the present invention can also be
administered in the form of liposome delivery systems,
such as small unilamellar vesicles, large unilamellar
‘vesicles and multilamellar vesicles. Liposomes can be
formed from a variety of phospholipids, such as choles-
terol, stearylamine or phosphatldylchohnes

Compounds of the present invention may also be
delivered by the use of monoclonal antibodies as indi-
vidual carriers _to which the compound molecules are
coupled. The compounds of the present invention may
also be coupled with soluble polymers as targetable
drug caners. Such polymers can include polyvinlypyr-
rolidone, pyran copolymer, polyhydroxypropyl-metha-
crylamide-phenol, polyhydroxyethylaspartamide-
phenol, or polyethyleneoxide-polylysine substituted
with palmitoy! residues. Furthermore, the compounds
of the present invention may be coupled to a class of
biodegradable polymers useful in achieving controlled
release of a drug, for example, polylactic acid, poly-
glycolic acid, copolymers of polylactic and poly-
glycolic acid, polyepsilon caprolactone, polyhydroxy
butyric acid, polyorthoesters, polyacetals, polydihydro-
pyrans, polycyanoacrylates and cross linked or am-
phipathic block copolymers of hydrogels.

- The compounds of the present invention can also be
co-administered with suitable anti-coagulation agents or
‘thrombolytic agents such as plasminogen activators or
streptokinase to achieve synergystic effects in the treat-
ment of various vascular pathologies. They may also be
‘combined with heparin, aspirin, or warfarin.

The novel compounds of the present invention were
prepared according to the procedure of the following
schemes and examples, using appropriate materials and
are further exemplified by the following specific exam-
ples. The most preferred compounds of the invention
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are any or all of those specifically set forth in these
examples. These compounds are not, however, to be
construed as forming the only genus that is considered
as the invention, and any combination of the com-
pounds or their moieties may itself form a genus. The
following examples further illustrate details for the

preparation of the compounds of the present invention.

Those skilled in the art will readily understand that
known variations of the conditions and processes of the
following preparative procedures can be used to pre-
pare these compounds. All temperatures are degrees
Celcius unless otherwise noted.

In addition to the following preparative procedures,
several examples of in-vitro bioactivity of compounds
within the scope of the present invention are indicated.
To illustrate, one test which is used to evaluate fibrino-
gen receptor antagonist activity is based on evaluation
of inhibition of ADP-stimulated platelets. Aggregation
requires that fibrinogen bind to and occupy the platelet

~ fibrinogen receptor site. Inhibitors of fibrinogen binding

inhibit aggregation. In the ADP-stimulated platelet
aggregation assay used to determine inhibition associ-
ated with the compounds claimed in the instant inven-
tion, human platelets are isolated from fresh blood,
collected into acid citrate/dextrose by differential cen-
trifugation followed by gel filtration on Sepharose 2 B
in divalent ion-free Tyrode’s buffer (pH 7.4) containing
2% bovine serum albumin.

~ Platelet aggregation is measured at 37° C. in a
Chronolog aggregometer. The reaction mixture con-
tains gel-filtered human platelets (2 X 10% per ml), fibrin-
ogen (100 micrograms per ml (ug/ml)), Ca2+ (1 mM),
and the compound to be tested. The aggregation is
initiated by adding 10 uM ADP 1 minute after the other
components are added. The reaction is then allowed to
proceed for at least 2 minutes. The extent of inhibition
of aggregation is expressed as the percentage of the rate
of aggregation observed in the absence of inhibitor. The
ICsq is the dose of a particular compound inhibiting

aggregation by 50% relative to a control lacking the
compound.

Synthesis of Novel Fibrinogen Receptor Antagonists:

 Compounds useful as fibrinogen receptor antagonists
may be prepared according to the gcneral scheme de-
picted in Scheme 1.

In general terms, a halophenol (1-1) is reacted with
sodium hydride and the resulting sodium salt is treated
with the BOC-protected-4-piperidinyl butylbromide
derivative(1-2) to yield an ether derivative(1-3). This
product is subsequently reacted with n-butyl lithium
and tributyl tin chloride to yield the stannane inter-
mediate(1-4). This product is then reacted with 2-
bromomethyl acrylate to yield the 1,4-substituted aro-
matic piperidinyl derivative (1-5). n-Butyl mercaptan 1s
then added to the activated double bond to yield the
sulfur substituted compound (1-6) which is subsequently
oxidized to the sulfone (1-7). Deprotection of the car-

boxyl and piperidine groups then provides the sulfone
acid (1-8).
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Scheme |
Br
NaH 9
HO Boc=—N (CH>)4Br
1-1
1-2
Br
(CH3)40
n-BulLi
BuiSnCl E
N
I
Boc
1-3
SC4Hg
,@\Cilﬁ,
(CH2)40
é NaH
HSC4Hg
N
|
Boc
1-6
J/oxone
S50,;C4Hyg
,©/\(|:éﬂ3
(CH3)40
1) LiOH.H,O
2) HCI/EtOACc ":"
N
I
Boc
1-7

Compounds claimed in the instant invention and de-

picted in the following formula:

Rl
R2
R2
CO;R3

Z—Y—X

12

SnBu;3

CH>Br

CO,2CHj3

CO,CHj

S0O2C4Ho

@ CO>;H
(CH2)40

T 2

()

60

65

can readily be prepared according to this general
scheme by substituting or replacing the various reagents
in Scheme 1.

For example, a trisubstituted 4-halophenol derivative
wherein the 3rd substituent (R!) may be Ci¢ alkyl,
arylCi.ioalkyl, aryl, carboxy, Cj.¢ alkyloxy, carboxyC;.
6alkyl, carboxyCi.salkyloxy, hydroxyCi.ealkyl, Cj4
alkylsulfonylCi.salkyl, Co4 alkylaminoCi.ealkyl, Co.10
arylalkylaminoCj.galkyl, Ci.10 acylamino, Cj¢ alkyl,
C14 carboalkoxyCi.¢alky! or halogen may be used as

‘the initial reactant. A 4-halophenol compound or a

trisubstituted (R1) derivative may then be reacted with
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(1-2)'0r another suitably substituted alkyl halide to yield
a compound of the general formula (I):

R (ID)

Br

LY =0

wherein Z-Y-hal 1s a suitably substituted alky! halide
and Z is chosen from amines or substituted amines such
as NR4R5 wherein R4 and R5 are independently H, Ci.¢
alkyl, arylCi.joalkyl wherein the alkyl groups may be
unsubstituted or substituted with Cj4 alkyloxy, carbox-
yCo.¢alkyl, hydroxy, or halogen. Z may also be a 4-9
membered mono or bicyclic ring system containing 1, 2
or 3 heteroatoms chosen from N, O or S and either
unsubstituted or substituted with R4or R>. In addition Z
may be | |

b i i
R4NH~C—, ==NR4~C—H or —NR4C—NR*R5.

The Y component which is covalently bonded to Z may
be Ci.10 alkyl either unsubstituted or substituted with
one or more groups selected from R4 or R3, C4.5 cyclo-
alkyl, Co.3 alkylarylCop.3alkyl, Co.3 alkylarylCop.3alkyl-
carbonyl, Cp.3 alkylarylCgp.zalkylcarboxamido, Cg.3 al-

kylaryloxyCo.3alkyl, Co 3 alkyloxyCo-salkyl,

1
—CNH, or (CH2)m—Q—(CH2)p,

where Q is a Cj.g heterocyclic ring containing 1, 2 or 3
heteratoms chosen from N, O, or S and substituted or
unsubstituted with oxo, thio, or C;.4 alkyl and m and n
are chosen from the integers O, 1, 2, or 3; or aryl. The Y
constituent contains the reactive halide which is amena-
ble to substitution by a nucleophilic di- or trisubstituted
4-halophenol compound.
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The generic compound depicted in formula (II) may '

" then be reacted with n-butyl lithium and a trisubstituted
tin chioride to yield 1-4 or other suitable stannane inter-

- mediate. This is then reacted with 2-bromomethyl acry- -

late to yield a compound of the general formula (III):

R1 (111)

=

| o - CO;CH;3;
VAmeh G @ |

1-5 is a representative example of a compound within
the structure depicted in formula (I1I). The compounds
within formula (III) contain an activated double bond
which is amenable to further elaboration. For example,
n-butyl mercaptan or other suitable reagents such as:

sodium methoxide, benzyl mercaptan, benzylamine, or 60

other suitable amine can be reacted with (III) to form a
compound with the general formula (IV) wherein the
R2 group represents the nucleophile. If R2'is an alkyl or
benzyl mercaptan group it can be further oxidized to
the sulfone or sulfoxide derivative. If R? is a benzyl-
‘amine, after addition to the activated double bond it can
be reduced to the free amine and further reacted with
‘benzoyl chloride, alkylsulfonyl chloride or arylCo.

4

35

65

14
toalkylsulfonyl chloride to yield compounds of the
claimed invention.

R R2 (IV)

CO,CHj
Z=—Y—0O

The methyl ester group of IV may readily be substi-
tuted with another Cj.¢ alkyl constituent, an arylC,j.jpal-
kyl constituent, or hydrogen to yield compounds of the
general formula (V):

R! RrR? V)
- CO2R3
Z=Y—0
EXAMPLE 1
Br.—————ﬂl—————}
@ Boc.N (CH3)4 Br-
HO

1'] 1_2

: Br
(CH3)40

|
* - Boc

1-3

4-[4-(N-t-Butyloxycarbonylpiperidin-4-yl)butyloxy]-
bromobenzene (1-3)

A solution of 1-1(2.0 g, 11.43 mmoles) in 20 ml DMF
was added at 0°-5° C. to sodium hydride (NaH) (0.27 g,
11.5 mmoles) suspended in DMF (10 ml) and this was
stirred for 1 hour to give a clear, dark solution. 4-(4-N-t-
butyloxycarbonylpiperidinyl)butyl bromide (1-2) (3.68
g, 11.5 mmoles) in 4 ml DMF was then added dropwise
at 0°-10° C. with stirring. 1-2 was prepared by first
reacting 4-piperidine-2-ethanol (available from Ameri-
can Tokyo Kasec) (130 g, 1.0 mole) with 3N NaOH
(336 mL, 1.0 mole) at 0* C. and di-t-butylcarbonate
(221.8 g, 1.0 mole). This Boc-protected piperidine
(102.5 g, 0.45 m) was then reacted with oxayl chloride
(55.8 ml, 0.64 mole); DMSO (54.2 ml, 0.76 mole) and
NEt; (213 ml, 1.53 mole). The resultant aldehyde was
reacted with carbomethoxytriphenylphosphorane (179
g, 0.536 mole) to give a trans methyl ester which was
reduced (Hy/Pd), hydrolyzed (NaOH), reduced (BH3)
and brominated (CgHs)iP, CBrs) to give (1-2). The
reaction between 1-1 and 1-2 was allowed to proceed
for 16 hours as the temperature slowly rose to ambient
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temperature or 25° C. The solvent was removed under
vaccum at less than 30° C. and the resuitant residue was
taken up 1n 10% aqueous potassium hydrogen sulfate
(KHSO4) solution (500 ml) and extracted with ether
(Et20). The ether extract was washed with H>O, and
brine, and then dried with sodium sulfate (Na;SQy).
The solvent was then removed. The residue was puri-
fied by flash chromatography on silica gel eluting with
hexane/ethyl acetate (EtOAc) in a 11/2 ratio to yield
pure 1-3 as an oil.

'H NMR (300 MHz, CDCl3) §1.04(2H,m), 1.20-1.42
(3H,m), 1.47 (9H,s), 1.68 (2H,d), 1.76 (2H,m), 2.68
(2H,t), 3.91 (2H,t), 4.09(2H,m), 6.77 (2H,d), 7.36 (2H,d).

EXAMPLE 2

/©/ - 1
BocND—(CH;hO

4-[4-(N-t-Butyloxycarbonylpiperidin-4-yl)butyloxy]-
phenyltributyl stannane (1-4)

A solution of 1-3 (6.97 g, 17.5 mmoles) in THF (150
ml) was cooled to —75° C. and treated with n-butyl
lithium (n-BuLi1)(17.5 mmoles) dropwise. After stirring
at —70° C. for 1 hr, tributyltin chloride (5.70 g, 17.5
mmol) was added dropwise. This was stirred at —70° C.
for 2 hours and then overnight as the temperature was
allowed to rise to ambient temperature. The solvent was
subsequently removed and the residue was taken up in
ether (500 ml), washed with H>O and brine, and dried
with Na;S0Oy4. Solvent removal gave 1-4 as a viscous oil.

'H NMR (300 MHz, CDCl3) 60.88 (9H, t), 1.0-1.15
(8H, m), 1.26-1.40 (6H, m), 1.47 (9H, s), 1.48-1.55 (6H,
m), 1.65 (2H, m), 1.78 (2H, m), 2.67 (2H, bt), 3.94 (2H,
t), 4.06 (2H, m), 6.99 (2H, d), 7.35 (2H, d).

EXAMPLE 3

1-5
=
©/\COZCH3
BocN (CH»)s0

Methyl
2-[4-(4-N-t-Butyloxycarbonylpiperidin-4-ybutyloxy]-
phenylmethyl propenoate (1-5)

A

To a solution of bis(dibenzylideneacetone) palladium
(0.03 g, 0.067 mmoles) in tetrahydrofuran (THF) (5 ml)
was added triphenylphosphine (0.035 g, 0.134 mmoles),
followed by addition of methyl-2-bromomethyl acrylate
(0.40 g, 2.24 mmol) and 14 (1.48 g, 2.24 mmoles). The
reaction solution was flushed with nitrogen (N3), stop-
pered, and heated at 50° C. for 48 hours. The cooled
reaction mixture was then poured into a mixture of
ether (100 ml) and water (100 ml) containing 1.5 g of
sodium flonde (NaF). The organic phase was washed
with brine, dried (Na;S04) and the solvent removed.
The residue was purified by flash chromatography on
silica gel eluting with hexane/EtOAc in a 9/1 ratio to
give pure 1-5.

'H NMR (300 MHz, CDCl3) §1.10 (2H, m), 1.24-1.40
(4H, m), 1.45 (SH, s), 1,65 (2H, m), 1.74 (2H, m), 2,68
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(2H, bt), 3.68 (3H, s), 3.73 (3H, s), 3.92 (2H, t), 4.07 (2H,
m), 5.93 (1H, m), 6.20 (1H, m), 6.80 (2H, d), 7.09 (2H, d).

EXAMPLE 4
SC4Hg 1:-6
H3
BocN (CH>,)40O
Methyl

2-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)butyloxy]-
phenylmethyl-3-(n-butylthio)propanoate (1-6)

To a solution of 1-5 (0.302 g, 0.7 mmmoles) in MeOH
(8 ml) was added n-butylmercaptan (0.063 g, 0.7
mmoles) at 0°-5° followed by a catalytic amount of
NaH. This was stirred at 0°-5° for 1 hour and then at
room temperature for 16 hours.

The solvent was removed in vacuo to give 1-6 as a
viscous oil.

'H NMR (300 MHz, CDCl3) 80.90 (3H, t), 1.09 (2H,
m), 1.34-1.45 (3H, m), 1.46 (9H, s), 1.51 (2H, m), 1.66
(2H, d), 1.75 (2H, m), 2.49 (2H, t), 2.60-2095 (8H, m),
3.64 (3H, s), 3.92 (2H, t), 4.07 (2H, m), 6.70 (2H, 4d), 7.06
(2H, d).

EXAMPLE 5
SO2C4He 1-7
/©/\(‘.‘0/;-CH3
BocN (CH3)40
Methyl

2-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)butyloxy]-
phenylmethyl-3-(n-butylsulfonyl)propanoate (1-7)

A solution of 1-6 (0.7 mmoles) in MeOH (8 ml) was
treated with 1.5 ml 2N H;SO4 solution at 0°-10° and
then oxone (1.29 g, 21.0 mmoles) was added at 0°-10°.
The resulting solution was stirred for 16 hours.

The reaction was diluted with 100 ml H,O and ex-
tracted in CH;Cl,. The organic extract was washed
with brine, dried (Na;SO4) and the solvent was re-
moved. The residve was purified by flash chromtogra-
phy on silica gel eluting with hexane/EtOAc (7:3) to
give 1-7 as an oil.

'H NMR (300 MHz, CDCl3) §0.92 (3H, t), 1.11 (2H,
m), 1.13-1.45 (3H, m), 1.46 (9H, s), 1.62-182 (4H, m),
2.67 (2H, bt),-2.80-3.12 (5H, m), 3.29 (1H, m), 3.45 (1H,
m), 3.70 (3H, s), 3.92 (2H, t), 4.08 (3H, m).



3,227,490

17
EXAMPLE 6

1-8

HN (CH;)40

. 2-[4~(4-Piperidin-4~yl)butyloxy]phenylmethyl-3-(n-—
butylsulfonyl)propanoic acid (1-8)

A solution of 1.7 (0 31 g, 0.56 mmoles) in
THF/MeOH/H,;0 1:1:1 (15 ml) was treated with Li-
OH.H;>0 (0.067 g, 1.6 mmoles) at room temperature for
16 hours. The reaction mixture was then diluted with
H,0 (100 ml), acidified with 10% KHSOj4 solution and
extracted with EtOAc. The organic extract was washed
in brine, dried (Na;S0O4) and the solvent removed. The
residue was purified by flash chromatography on silica
gel eluting with CHCl3/MeOH/HOAc 97:3:1 to give
the desired acid.

TH NMR (300 MHz, CDC13) 60.91 (3H, t), 1.08 (2H
m), 1.25-1.4 (3H, m), 1.47 (SH, s), 1.67 (3H, m), 1.75
(3H, m), 2.66 (2H, bt), 2.85-3.00 (3H, m), 3.13 (1H, dd),
'3.32 (1H, m), 3.45 (1H, m), 3.92 (2H, t) 4.03 (2H, m),
6.82 (2H, d), 7.01 (2H, d).

This acid (0.058 g) was dissolved in EtOAc (30 ml)
and the solution was cooled to —30° and treated with

HCI for 0.5 hour. The flask was then stoppered and the

contents stirred at 0° for 1 hour.

The solvent was removed and the re51due trlturated
with Et20 to give pure 1-8.

1H NMR (300 MHz, CD30D) 60.94 (3H t), 1.40 (4H,
m) 1.50-1.81 (4H, m) 1.95 (2H, bd), 2.84 (1H, m), 3.00
(4H, m), 3.16 (1H, m), 3.30 (2H, m), 3.35 (2H, bd), 3.52
(1H, m), 3.96 (2H, t), 6.85 (2H, d), 7.15 (2H, 4).

EXAMPLE 7

HSCH 2 Ph
CO;CH;:,
(CH2)40

SCH;Ph

/@Tiﬁ:ﬂ 3
(CH240

Methyl
2-[4-(4-N-t-Butyloxycarbonylp1per1dm-4-yl)butyloxy]
phenylmethyl-3-(benzylthio)propanoate (1-9)
1-5 (0.432 g, 1.0 mmoles) was treated with benzylmer-

captan (0.124 g, 1.0 mmole) as described for 1-6. Crude
1-9 had Rr0.43, silica gel, hexane/EtOAc (8:2).
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EXAMPLE 8

S0O,CH,;Ph 1-10

© CO,CH;3
(CH3)40

Methyl
2- [4-(4—P1per1d1n-4-y1)butyloxy]phcnylmethyl-3-('ben-
zylsulfonyl)propanoate (1-10)

A methanol solution (10 ml) of 1-9 (1.0 mmoles) was
acidified at 0°-5° with 2 drops 2N H>SOy4 solution and
then oxone (3.0 mmoles) was added at 0°-5° with stir-
ring. After 24 hours stirring the reaction mixture was
diluted with H>O and extracted with CH»Cl,. The or-
ganic extract was washed in H,O, brine, dried (Na>SOg4)
and the solvent removed. The residue was purified by
flash chromatography on silica gel eluting with hex-
ane/EtOAc (75:25) to give pure 1-10 as an oil.

'H NMR (300 MHz, CDCIl3) 61.10 (2H, m), 1.25-1.45
(3H, m), 1.47 (9H, s), 1.65 (QH, d), 1.74 (2H, m),

HN

2.61-2.92 (5H, m), 3.00 (1H, m), 3.21 (1H, m), 3.36 (1H,

m), 3.70 (3H, s), 3.92 (2H, 1), 4.06 (2H, m), 4.17 (2H, d),
6.70 (2H, d), 6.97 (2H, d), 7.25-7.40 (5H, m).

" EXAMPLE 9

2-[4-(4-N-piperidin-4~ylbuty]oxy]phenylmethyl]-3-(ben-
zylsulfonyl)propanoic acid (1-11)

1-10 (0.2 g, 0.34 mmoles) was hydrolyzed with Li-
OH.H,0 (0.015 g, 0.35 mmoles) as described for 1-8 to
provide the desired acid, Ry 0.35 (silica gel,
CHCl3/MeOH/HOACc (97:3:1).

'H NMR (300 MHz, CDCl3) 61.09 (2H, m), 1.25-1.45
(4H, m), 1.47 (9H, s), 1.65 2H, d), 1.74 (2H, m), 2.64
(2H, bt), 2.78-2.95 (2H, m), 3.06 (1H, m), 3.12 (1H, m),
0 335 (1H, m), 3.92 (2H, t), 4.03 (2H, m), 0.419 (2H, s),
6.80 (2H, d), 7.02 (2H, d), 7.28 (2H, m), 7.35 (3H, m).

This acid was treated with HC] as descnibed for 1-8 to
provide crude 1-11. This was triturated to give 1-11 asa
white solid.

IH NMR (300 MHz, CD30D) 61.36 (4H, m), 1.56
(3H, m), 1.76 (2H, m), 1.95 2QH, d), 2.81 (1H, m) 2,97
(4H, m), 3.15 (1H, bs), 3.36 (4H, m), 3.97 (2H, t), 4.34
(2H, s), 6.82 (2H, d), 7.07 2H, d), 7.23 (5H, m).

EXAMPLE 10

>
CO,CH |
2~ H,NCH,Ph
Boc N (CH»)4O e
| 1-5

SO,CH,Ph 1-11
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-continued -continued
NHCH>Ph NH;
0O»,CH
m 2CH BocN CH»)10 P
(CH40 . (CHu
19 1-14
Methyl
Methyl 4

2-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)butyloxy]-
phenylmethyi-3-(benzylamino)propanoate (1-12)

A solution of 1-5 (0.216 g, 0.5 mmoles) in toluene (8

ml) was treated with benzylamine (10 mmoles) and the 13

resulting solution was heated at 100° for 16 hrs.
The reaction ‘was diluted with EtOAC (100 ml) and
this was washed with 10% KHSQg4solution, H-O, brine,

and dried (Na>S04). Solvent removal gave an oil that 20

was purified by flash chromatography on silica gel elut-
ing in CHCl3/MeOH (98:2) to give 1-12 as an oil, Ry
0.35 (silica gel, hexane/acetone (8:2).

'H NMR (300 MHz, CDCl3) 61.09 (4H, m) 1.25-1.45
(4H, m), 1.47 (9H, s), 1.67 (2H, d), 1.76 (2H, m),
2.63-2.95 (8H, m), 3.63 (3H, s), 3.77 (1H, d), 3.91 (2H, 1),
4.06 (2H, m), 6.76 (2H, d), 7.02 (2H, 4d), 7.23 (SH, m).

EXAMPLE 11

NHCH->Ph 1-13

CO»H
HN (CH3)4 O

2-[4-(4-Piperidin-4-yDbutyloxy]phenylmethyl-3-(ben-
zylamino)propanoic acid (1-13)

1-12(0.23 g, 0.43 mmoles) was treated with LiOH.-
H>0 (0.03 g, 0715 mmoles) as described for 1-8 to give
the desired acid (1-13).

'H NMR (300 MHz, CD;0OD) 81.09 (2H, m) 1.34
(2H, m), 1.45 (9H, s), 1.51 (2H, m), 1.65-1.80 (4H, m),
2.72 (3H, m), 2.93 (2H, m), 3.10 (2H, m), 3.92 (2H, 1),
4.05 (2H, d), 4.16 (2H, d), 6.81 (2H, d), 7.09 (2H, d), 7.40
(4H, m).

This acid was dissolved in EtOAc and treated with
HCL gas as described for 1-8 to give 1-13 as a white
solid after trituration with Et;0.

IH NMR (300 MHz, CD;0D) 6140 (4H, m)
1.45-1.65 (3H, m), 1.69 (2H, m), 1.97 (2H, bd), 2.80 (1H,
m), 3.00 (6H, m), 3.19 (1H, m), 3.35 (3H, m), 3.93 (2H,
m), 4.18 (2H, m), 6.81 (2H, d), 7.08 (2H, d), 7.39 (5H, m).

EXAMPLE 12

NHCHPh

MH3
(CH2)40 d--

1-12

C

2-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)butyloxy]-
phenylmethyl-3-(amino)propanoate (1-13)

A solution of 1-12 (0.80 g) in EtOH (30 ml) was
treated with Pd(OH)2/C (1.0 g) and this suspension was
hydrogenated at atmospheric pressure. After 16 hours
the solvent was removed and the residue was purified
by flash chromatography on silica gel eluting with
CHCl3/MeOH(95:5) to give pure 1-14,

IH NMR (300 MHz, CDCl3) 61.09 (2H, m) 1.23-1.44
(3H, m), 1.47 (9H, s), 1.65 (2H, d), 1.73 (2H, m), 2.15
(2H, bs), 2.59-2.80 (4H, m), 3.90 (2H, m), 3.65 (3H, s),
391 (2H, t), 4.04 (2H, m), 6.78 (2ZH, d), 7.06 (2H, d).

EXAMPLE 13

O 1-15

|
NHCPh

CO,CH;

Boc N (CH2 4O

Methyl
2-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yD)butyloxy]-
phenylmethyl-3-(benzoylamino)propanoate (1-13)

A solution of 1-14 (0.2 g 0.45 mmoles) in CH;Cl, at
0°-5° was treated with triethylamine (0.068 g, 0.67
mmoles) followed by benzoylchioride (0.07 g, 0.5
mmoles) and the resulting mixture was stirred at room
temperature for 16 hours.

The solvent was removed and the residue was taken
up in Et70 (125 ml) and this was washed with H;O,
brine and dried (Na;SOj4). Solvent removal gave a resi-
due that was purified by flash chromatography on silica
gel eluting with hexane/acetone (75:25) to give pure
i-15.

1H NMR (300 MHz, CDCl3) 61.09 (2H, m) 1.22-1.45
(3H, m), 1.49 (9H, s), 1.68 (2H, d), 1.74 (2H, m), 1.81]
(2H, bs), 2.57 (2H, dt), 2.84 (1H, m), 3.00 (1H, m), 3.58
(1H, m), 3.68 (3H, s), 3.90 (2H, t), 4.07 (2H, d), 6.80 (2H,
d), 7.10 (2H, d), 7.41 (3H, m), 7.70 (2H, m).

EXAMPLE 14

0 1-16
NHCPh

(CH3)40
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2-[4-(4-Piperidin-4-yl)butyloxy]phenylmethyl-3-(ben-
| zoylamino)propanoic acid (1-16) |
1-15 (0.19 g 3.44 mmoles) was hydrolyzed with Li-
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solution, brine and dried (Na;SO4). Solvent removal
gave a residue that was purified by flash chromatogra-
phy on silica gel eluting with hexane/EtOAc (75:25) to
give pure 1-17 as an oil.

OH.H,0 as described for 1-8 to give the desired acid. 5 IH NMR (300 MHz, CDCl3) 60.94 (3H, m) 1.20 (2H,
'H NMR (300 MHz, CDCl3) 61.06 (2H, m) 1.25-1.45 m), 1.36 (3H, m), 1.49 (9H, s), 1.60-1.82 (7TH, m), 2.68
(3H, m), 1.47 (9H, s), 1.63 (2H, d), 1.73 (2H, m), 2.65 (2H, bt), 2.80 (1H, m), 2.95 (4H, m), 3.23 (14, t), 3.70
(2H, bt), 2.84 (1H, m), 3.03 (2H, m), 3.58 (1H, m), 3.73 (3H, s), 3.92 (2H, m), 4.05 (2H, bd), 4.66 (1H, m), 6.82
(1H, m), 3.90 (2H, t), 4.03 (2H, bd), 6.80 (2ZH, d), 7.12 (2H, d), 7.07 (2H, 4d).
(2H, d), 7.40 (3H, m), 7.69 (2H, d). 10 |
This acid was treated with HCl gas in EtOAc as EXAMPLE 16
described for 1-8 to give 1-16 as a white solid.
'H NMR (300 MHz, CD3;0D) 61.03-1.18 (2H, m) NHSO;C4Hgl-18
1.22-1.53 (5H, m), 1.70 2H, m), 2.52 (2H, m), 2.64-2.81
(2ZH, m), 2.95 (2H, m), 3.91 (2H, t), 6.78 (QH, d), 7.14 15
(2H, d), 7.44 (3H, m), 7.74 (2H, 4d). CO;H
EXAMPLE 15 AR (CH240
| NH; 20
| | 2-[4-(4-Piperindin-4-yl)butyloxy]phenylmethyl-3-(n-
CO,CH; butylsulfonylamino)propanoic acid (1-18)
BOCNC>’(CH2)40 — 1-17 (0.13 g 0.23 mmoles) was hydrolyzed with Li-
' ,s OH.H20 (0.029 g, 0.69 mmoles) as described for 1-8 to
- | 1-14 " give the desired acid, Rr0.3 (silica gel, CHCl3/MeOH/-
| | | HOACc (97:3:1). |
| NHS02C4Hg 'H NMR (300 MHz, CDCIl3) 60.96 (3H, t) 1.08 (2H,
" ' | - m), 1.22-1.42 (4H, m), 1.46 (9H, s), 1.65 (2H, bd), 1.74
B @ . (H, m), 2.65 (2H, bt), 2.80 (1H, m), 2.96 (4H, m), 3.91
| | CO,CH3; (2H, t), 4.05 2H, m), 5.51 (1H, t), 6.81 (2H, d), 7.09 (2H,
BGCNC>7(CH2)4O d). -
| | | This acid was treated with HCl gas in EtOAc as
. ' e - _ described for 1-8 to give 1-18 as a white solid, Ry 0.4
| | 1 (silica gel, EtOH/NH4OH/H>0 (9:1:1).
| IH NMR (300 MHz, CD30D) 60.96 (3H, t) 1.27-1.58
Methyl | - (9H, m), 1.59-1.80 (6H, m), 1.95 (2H, bd), 2.80 (2H, m),
~ 2-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)butyloxy]- 2.85-3.03 (4H, m), 3.10-3.40 (4H, m), 3.93 (2H, t), 6.80
phenylmethyl-3-(n-butylsulfonylamino)propanoate (2H, d), 7.21 (2H, 4d).
(1-17) 40 Compounds useful as fibrinogen receptor antagonists
A solution of 1-14 (0.2 g, 0.45 mmoles) in acetonitrile T als; .besp’ifpa""g 31“"’0“““%1?0 the ge‘fa]bsfilt“m;
(10 ml) was treated with butanesulfony! chloride (0.078 ;plct;:: m SC ;nlle_ - M ge;er‘ ;esﬁ?’ a hs::; > dl _uted
g, 0.5 mmoles) and pyridine (0.053 g, 0.67 mmoles) and pRENoic e_st;:r (2- l)klsl tll;e?% with 14 111:111 l Z_ rice an
the resulting solution stirred at room temperature for 8 rcaf:ted_ with an a yi hallae t0 yie the 1, arom_atlc
hours. S 45 denyatwe (2-2). This cm:npound 1S benz_ylated to yield
The solvent was removed and the residue was taken 2-3 and d¢P’°te°‘Ed to give the free amine 2-4.
up in EtOAc (110 ml), washed with H,0, 10% KHSO4
SCHEME 2
| NaH | CO,CH3
| CO,CH3 ———mmn 2> (CH)/O
HO BocN (CHy)4Br
N
2-1 Boc 2-2
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23 24
-continued
_SCHEME 2 _
| Ph
Ph
CO2H CO,CH3
HN (CH2)40 <—  (CH240
24 2-3
N
Boc

Compounds claimed in the instant invention and de-
picted in the formula:

Rl

RZ
CO3R3
Z2=—=Y—X

can readily be prepared according to the general proce-
dure described in Scheme 2 by substituting or replacing
the various reagents or reactants depending upon the
target compound desired.

For example, a trisubstituted 4-substituted phenolic
ester may be utilized as the starting reagent in the over-

all scheme:
RI
J@\(‘:&ECH:}
HO

Rlis identical to that described in the Scheme 1 discus-
sion. This compound or the disubstituted derivative
may then be reacted with 1-2 or another suitably substi-
tuted alkyl halide to yield a compound of the general
formula:

Rl

CO>CH;
Z=Y=0

wherein Z-Y-hal is a suitably substituted alkyl halide
and Z is chosen from the groups described following
the Scheme 1 discussion. The 1,4-substituted aromatic
derivatives may then be treated with sodium hydride to
produce an enolate which is then reacted with a suitable
alkyl halide, arylalkyl halide, activated carbonyl com-
pound (such as dimethylcarbonate) or other suitable
electrophilic reagent to yield a compound with the
general formula:

Rl

R2
CO,CH3
Z2=—=Y~-0O
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wherein R2 may be hydroxy, arylCi.jealkyl, or Cj.¢
alkyl, wherein the alkyl group is unsubstituted or substi-
tuted with amino Cj.10 alkylcarbonyl or arylCj.jpalkyl-
carbonyl. R2 may also be carboxyl, Ci.¢ alkyloxycarbo-

- nyl, Cy.¢ alkylcarbonyl, or Cy.10 arylalkyl carbonyi.

EXAMPLE 17
. 2-2
PTG
CO,CH3
Methyl

3-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)butyloxy-
phenyl]propanoate (2-2)

A solution of methyl 3-(4-hydroxyphenyl)propanoate
(2-1) (prepared from the corresponding free acid by
treatment with diazomethane) (2.06 g, 0.0114 moles) in
DMF (65 ml) was treated with Cs;CO3 (1.86 g, 0.0057
moles) at room temperature with stirring for 15 minutes.
To this was added a solution of 4-(N-t-butyloxycar-
bonylpiperidin-4-yl)butyl bromide (3.66 g, 0.00114
moles) dropwise at room temperature and this was

heated at 75° for 16 hours.

The solvent was removed and the residue taken up in
H>O (100 ml) and extracted with EtOAc. The organic
phase was washed with H,O, brine, dried (Na2S04) and
the solvent removed. The residue was purified by flash
chromatography on silica gel eluting with hex-
ane/EtOAc (85:15) to give pure 2-2 as an oil, Rr0.5.

IH NMR (300 MHz, CDCI3) 61.08 (2H, m) 1.22-1.41
(4H, m), 1.45 (9H, s), 1.65 (2H, bd), 1.76 (2H, m), 1.74
(2H, m), 2.65 (2H, bt), 2.80 (1H, m), 2.96 (4H, m), 3.91
(2H, t), 4.05 (2H, m), 5.51 (1H, t), 6.81 (2H, d), 7.09 (2H,
d).

EXAMPLE 18
' 2-3
MND"C“M@V i
CO,CHj
Methyl

3-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)butyloxy-
phenyl]-2-(benzyl)propanoate (2-3)

Diisopropylamine (0.202 g, 2.0 mmoles) in THF (20
ml) was cooled to 0° and treated with n-butyllithium
(2.0 mmoles) and the resulting solution stirred at 0° for
0.5 hr. After cooling to —70°, the reaction mixture was
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treated with 2-2 and stirred for 45 minutes. Then,
HMPA (0.18 g, 1.0 mmoles) was added followed by
- benzyl bromide (0.342 g, 2.0 mmoles) and the reaction
mixture was stirred at —70° for 3 hours and then at

room temperature for 16 hours.

The reaction was quenched with H>O (5§ ml), the

solvent removed and the residue was taken up in

EtoAc, washed with 109% KHSOj4 solution, brine and
dried (Na;SOj4). Solvent was removed and the residue
purified by flash Chromatography on silica gel eluting
with hexane/EtOAc (85:15) to give pure 2-3, Rr0.35.

~ 'HNMR (300 MHz, CDCl3) §1.09 (2H, m), 1.23-7.42
(4H,m), '

1.46(9H,s),  1.65QH,bd), 1.74(2H,m),
2.59-2.82(4H,m),  2.84-3.03(3H,m), 3.47(3H,s),
3.90(2H,t), 4.07QH,bd), 6.78(2H,d), 7.03(2H,d),
7.05—-7.30(5H,m).
~ EXAMPLE 19
| ' 2-4
-(CH3)40 @ Ph
COsH

3-[4-(4—Piperidin-4-yl)butonXyphenyl]-2-(benzyl)-
propanoic acid (2-4)

~ 2-3(0.32 g, 0.628 mmoles) was hydrolyzed with Li-
OH.H,0 (0.07 g, 1.88mmoles) as described for 1-8 to
| give. the desired acid, Rr 045 (silica

- ~CHCly/MeOH/HOAc (97:3:1).

'H NMR (300 MHz, CDCl3) 81.08(2H,m),
1.21-1.40(4H,m), 1.45(9H,s), 1.63(2H,bd), 1.75(2H,m),
2.56-2.81(4H,m),  2.85-3.05(3H,m),  3.90(2H,1),
4.04(2H,m), 6.78(2H,d), 7.06(2H,d), 7.13-7.30(5H,m).

This a_cid was dissolved in EtOQAc and treated with

gel,

HCl gas as described for 1-8 to give pure 2-4 as a white
solid, Rr0.5 (silica gel, EEOH/NH4OH/H;0 (9:1:1).

- 1H NMR (300 MHz, CD3;0OD) §1.28-1.47(4H,m),
1.48-1.68(3H,m), 1.75(2H,m), 1.95(2H,bd),
2.69-2.802H,m),  2.80-3.00(5H,m),  3.35(3H,m),
3.91(2H,1), 6.80(2N,d), 7.07(2H,d), 7.13-7.27(5H,m).

EXAMPLE 20

| BNND—(CH&A;O —>

CO»CHj3
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-continued
BocN (CH2)4O CO,CHj3
| CO,CH;3
2-5
HN (CH2)40 @ COsH
- COsH
2-6
Methyl

2-Carbomethoxy-3-[4-(4-N-t-Butoxycarbonylpiperidin-
4-ybutyloxyphenyljpropanoate (2-5)

A solution of diisopropylamine (0.202 g, 2.0 mmoles)
in THF (20 ml) was cooled to 0° and treated with n-
butyllithium (2.0 mmoles) followed by stirring for 0.5
hr. This was then cooled to —70° and 2-2 (042 g, 1.0

~mmoles) in THF (5 ml) was added and the pale yellow

solution- stirred for 1.0 hr. Then, HMPA (0.179 g, 1.0
mmoles) was added followed by dimethylcarbonate

(0.18 g, 2.0 mmoles) and the resulting solution was
stirred at —70° for 3 hours and then at room tempera-
ture for 12 hours.

The reaction was quenched with H,O (3 ml) and
diluted with EtOAc and 10% KHSO4 solution, organic
phase was washed with 109% KHSOj4 solution, brine,
dried (Na2SOy4; and the solvent removed. The residue
was purified by flash chromotography on silica gel
eluting with hexane/EtOAc (8:2) to give pure 2-5 as an
oil. .

IH NMR (300 MHz, CDCl3) §1.102H,m),
1.18-1.40(3H,m), 1.47(9H,S), 2.66(2H,d), 2.74(2H,m),
2.68(2H,bt), 3.16(2H,d), 3.64(1H,t), 3.70(3H,S),
3.91(2H,t), 4.08(2H,m), 6.80(2H,d), 7.10(2H.,4).

2-Carboxy-3-[4-(4-Piperidin-4-y])butyloxyphenyl]-
| propanoic acid (2-6).

2-5 (0.164 g, 0.343 mmoles) was hydrolyzed with

- LiOH.H,0 (0.072 g, 1.72 mmoles) as described for 1-8

35

65

to give the desired acid as an oil.

'H NMR (00 MHz, CDCIl;) §1.07 (2H,m),
1.21-1.38(4H,m), 1.45(9H,S), 1.64(2H,d), 1.73(2H,m),
2.62(2H,bd), 3.89(2H,t), 4.03(2H,m), 6.87(2H,d),
7.10(2H,d).

This acid was dissolved in EtOAc and treated with
HClI gas as described for 1-9 to give pure 2-6 as a white
solid.

H NMR (300 MHz, CD3;0D) 51.28-1.43(4H,m),
1.45-1.70(3H,m), 1.85(2H,m), 1.94(2H,t), 3.07(2H,d),
3.332H,m), 3.53(1H,t), 3.92(2H,t), 6.80(2H,d),
7.122H,d).

EXAMPLE 21



5,227,490

27

1. LDA/THF 5
CO-CH3 2. C1CO3CH>Ph
(CH1)40 (CH»)40

2-2

CO,»CH;

HCl
COs;H

Methyl
2-(Benzyloxycarbony!)-3-{4-(4-N-t-butyloxycarbonyl-
piperidin-4-yl)butyloxyphenyllpropanoate (2-7).

2-2 (0.42 g, 1.0 mmoles) in 5 m]l THF was added to a
THF solution of lithium diisopropylamide (2.0 mmoles)
at 0° with stirring continued for 0.5 hour. This was
cooled to —70° and treated with benzyl chloroformate
(0.375 g, 2.2 mmoles and the resuiting mixture was
stirred at —70° for 3 hours and then at room tempera-
ture for 12 hours.

The reaction mixture was diluted with 109, KHSO4
solution and extracted with Et;O. The ether phase was
washed with 10% KHSOQO4 solution, brine, dried (Naa.
SQ4) and the solvent removed. The residue was purified
by flash chromatography on silica gel eluting with hex-
ane/EtOAc (85:15) to give pure 2-7 as an oil. Rr0.45,
silica gel, hexane/EtOAc (80:20).

IH NMR (300 MHz, CDCl3) 61.10(2H,m), 1.23-1.42

4H(m), 1.46(9H,S), 1.66(2H,bd), 1.75(2H,m),
2.67(2H,dt), 3.18(2H.,d), 3.68(3H,S), 3.80(2H.,t),
4.08(2H,bd), 6.86(2H,d), 7.07(2H,d), 7.23(2H,m),
7.34(3H,m)

KN(SlMc 3)2
COLCH3 2 0
(CH3)40

EtOAc

28
CO,CH;
CO,CH,Ph
2-7
H2 Pd—=C
CO,CH3
COy;H
(CH3)40
2-8
N
Boc

5
2-(Carbomethoxy)-3-[4-(4-N-t-butyloxycarbonylpiperi-

30

35

45

din-4-yl)butyloxyphenyl]propanoic acid (2-8).

2-7(0.301 g) was dissolved in MeOH (30 ml), 100 mg
10% Pd-C was added and this suspension was hydroge-
nated at atmospheric pressure for 5 hours. The solvent
was removed to give 2-8 as an oil.

IH NMR (300 MHz, CDCl3) 61.08 (2H,m),
1.22-1.40(4H,m), 1.44(9H,S), 1.63(2H, bd), 1.74(2H,m),
2.65(2N,bt), 3.20(2H,d), 3.58(1H,t, 3.62(3H,S),
3.92(2H,t), 4.05(2H,m), 6.80(2H,d), 7.11(2H,d).

2-(Carbomethoxy)-3-[4-(4-piperidin-4-y)butyloxy-
phenyl]propanoic acid (2-9).

2-8 (0.25 g) was dissolved in EtOAc and treated with
HC1 gas as described for 1-9 to give pure 2-9 as a white
solid.

'H NMR (300 MHz, CD3;0D) 61.30-1.46(5H,m),
1.48-1.68(2H,m), 1.74(2H,m), 1.95(2H,bd), 2.95(2H,t),

3.082H,t), 3.34(3H,m), 3.62GH,S), 3.91(2H,1),
6.80(2H,d), 7.11(2H,d).
EXAMPLE 22

/
._\
phSOz Ph

2-10

OH
ocN (CH3)40

2-11

}
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quenched with 10% KHSO4 solution and this was di-
luted with Et;0 (125 ml). The ether phase was sepa-
rated, washed with 10% KHSOy4 solution, H20, brine
and dried (Na;SOy). Solvent removal gave a residue
that was purified by flash chromatography on silica gel

eluting with hexane/EtOAc (7:3), to give pure 2-11.
*1. Org. Chem. 1982, 47, 1775-1777.

30

1H NMR (300 MHz, CDCl3) §1.09(2H,m), 1.22-1.41

(4H,m), 14509H,S), 1.652Hbd), 1.76(2H,m),
2.67QH,dt), 2.90(1H,m), 3.05(1H,m), 3.77(3H.,S),
3.91(2H,t), 4.08(2H,bd), 4.42(1H,m), 6.81(2H,d),
7.10(2H,4d). ' '

2-Hydroxy-3-[4-(4-piperidin-4-yl)butyloxyphenyl]-
| - propanoic acid (2-12).
2-11 (0.31 g, 0.7 mmoles) was hydrolyzed with Li-
OH.H;0 (0.09 g, 2.14 mmoles) as described for 1-8 to

give the desired acid, Ry 025 (silica gel,
- CHCli3/MeOH/HOACc/935:5:1).
'H NMR@BO0 MHz, CD3OD) &61.07(2H,m),

1.23-1.39(4H,m), 1.45(9H,S), 1.71(4H,m), 2.72(1H,bt),
2.85(1H,m), 3.09(1H,m), 3.91(1H,t), 4.05(1H,bd),
4.25(1H,m), 6.80(2H,d), 7.18(2H,d).

In addition, compounds of the instant invention
which contain two R? group carbon-carbon bonds may
generally be synthesized according to Scheme 3.

- SCHEME 3

BocN (CH2)40

2-2

1. LDA
2. CH;l
MND(CH2)40 - COxCH;

3-1

1. LDA
2. CHj3l
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29 30
-continued
OH
CO>2H
HN (CH3)40 )
2-12
-continued
_SCHEME 3
| - _CH;
15
BocN (CH2)40 CO?CH-?I -
Methyl 2 HOl/
2-Hydroxy 3 [4-(4-N-t-butyloxycarbonylpiperidin-4- 3.2 " | EtOAC
yDbutyloxyphenyl]propanoate (2-11)
A solution of 2-2 (0.42 g, 1.0 mmoles) in THF (5 ml) 20 CH3
‘was added to a solution of potassium hexamethyldisila- CH3
zide (2.0 mmoles) in THF (20 ml) at —70° and this was | -
stirred for 1.0 hour. Then, a solution of oxaziridine 2-10 HN (CH2)40 2
(0.52 g, 2.0 mmols)* in THF (3 ml) was added at —70° _
and this was stirred for 4 hours. The reaction was 25 3.3

The enolate of 2-2 1s alkylated with methyl 1odide to
provide 3-1 which is isolated. This is then methylated
again to give 3-2. Deprotection of the carboxylate and
the amine provides the final product 3-3.

_(Scheme 3 cont’d)

BocN (CH2)40

1. LDA
2. CICO2CH;

O e

1. NaH

2. CHil
2.5 CH3

O

1. LiOH
2. HCl/
EtOAc
' ~_CHj
OE
HN\/:>—(CH2)40 COH
3.5

- Similarly, intermediate 2-5 1s converted to its enolate
and then alkylated with methyl iodide or some other
suitable agent to give 3-4. Deprotection with base and

“then acid provides the final product 3-5.

The aminc acids used in the instant invention can
include but is not limited to the D or L form of the
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amino acids Alanine, Arginine, Asparagine, Aspartic
acid, Cysteine, Glutamic acid, Glutamine, Glycine,
Histidine, Isoleucine, Leucine, Lysine, Methionine,
Orthithine, Phenylalanine, Proline, Serine, Threonine,

Tryptophan, Tyrosine and valine. The D or L form of s

hydroxylysine, 3-hydroxy-proline, 4-hydroxyproline,
allo-isoleucine, allo-hydroxylysine, norvaline, norleu-
cine, fB-methyl proline, B-B8-demethylproline, a-
hydroxyproline, anhydroproline, thioproline, gS-
methylthioproline or B-8-dimethylthioproline. These
amino acids may be connected by amide linkages to
form polypeptides of two (2) to four (4) amino acids.
Sample alternative protecting groups that can be used
in the preparation of the present invention include ben-
zyl ester, cyclohexyl ester, 4-nitrobenzyl ester, t-butyl
ester, 4-pyridylmethyl ester, benzyloxycarbonyl,
isonicotinyloxycarbonyl, p-methoxybenzyloxycarbo-
nyl, t-butoxycarbonyl, t-amyloxycarbonyl, isobornylox-
ycarbonyl, adamantyloxycarbonyl, 2-(4-biphenyl)-2-
propyloxycarbonyl and 9-fluorenylmethoxycarbonyl.

EXAMPLE 23

In Vitro Activity

The test procedures employed to measure the anti-
platelet aggregating activity of the compounds of the
present invention are described below.

Blood was drawn into 0.1 volumes of acid citrate-
dextrose (85 mM sodium citrate, 64 mM citric acid, 110
mM dextrose) by venipuncture from normal human
volunteers. Platelet-rich plasma was prepared by cen-
trifugation at 400X g for 12 minutes. PGEI (5 mg/ml)
was added and platelets were collected by centrifuga-
tion at 800X g for 12 minutes. The platelet pellet was
resuspended into human platelet buffer (140 mM NaCl,
7.9 mM KO, 3.3 mM Na;HPQ4, 6 mM HEPES, 2%
bovine serum albumin, 0.1% dextrose, pH 7.2) and fil-
tered over Sepharose 2B that was previously equili-
brated in human platelet buffer. Human fibrinogen
(10-100 mg/ml) and Ca Cl; (1 mM) were added and
aggregation was initiated by the addition of 10 mM

ADP. Aggregation was monitored by the initial rate of 40

increase of light transmittance.

The ICso (uM) of a number of compounds claimed in
~ the instant invention are described below in Table 1.
This table demonstrates the relative inhibitory effects
depending upon the various R2 substituents on the com-
pound of the general formula:

TABLE 1
mlﬂ
(CH2)40

1C50 (UM)
CH;S0,CH5Ph 1.6
CH>NHC(O)Ph 3.1
CH>Ph 115.0
CH;NHSO2C4Hg 2.9
CO,CH: 5.8
OH 8.6
CO3H ' 3.2
CH>NHCH>Ph 180 -
CH;S05C4Ho 0.65

Therapeutic Treatment

Compounds of the invention may be used for inhibit-
ing integrin protein-complex function relating to cell
attachment activity. They may be administered to pa-
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tients where inhibition of human or mammalian platelet
aggregation or adhesion is desired.

Compounds of the invention are eliminated from
circulation rapidly and are particularly usefu!l in inhibat-
ing plateiet aggregation in situations where a strong
antithrombotic of short duration or effectiveness is
needed. Thus, they may find utility in surgery on pe-
ripheral arteries (arterial grafts, carotid endaterectomy)
and in cardiovascular surgery where manipulation of
arteries and organs, and/or the interation of platelets
with artificial surfaces, leads to platelet aggregation and
consumption. The aggregated platelets may form
thrombi and thromboemboli. Compounds of the inven-
tion may be administered to these surgical patients to
prevent the formation of thrombi and thromboemboli.

Extracorporeal circulation is routinely used for cardi-
ovascular surgery in order to oxygenate blood. Platelets
adhere to surfaces of the extracorporael circuit. Adhe-
sion 1s dependent on the interaction between GPIIb-
/111a on the platelet membranes and fibrinogen ad-
sorbed to the surface of the circuit. (Lluszko et al.,
Amer. J. Physiol., 252:H, 615-621 (1987). Platelets re-
leased from artificial surfaces show impaired hemostatic
function. Compounds of the invention may be adminis-
tered to prevent adhesion.

Other applications of these compounds include pre-
vention of platelet thrombosis, thromboembolism and
reocclusion during and after thromboembolytic therapy
and prevention of platelet thrombosis, thromboembo-
lism and reocclusion after angioplasty of coronary and
other arteries and after coronary artery bypass proce-
dures. Compounds of the invention may also be used to
prevent myocardial infarction.

These compounds may be administered by any con-
venient means which will result in its delivery into the
blood stream in substantial amount including continu-
ous intravenous or bolus injection or oral methods.
Compositions of the invention include compounds of
the invention and pharmaceutically acceptable carriers,
e.g. saline, at a pH level of for example 7.4, suitable for
achieving inhibition of platelet aggregation. They may
also be used in combination with anticoagulants such as
heparin or warfarin. Intravenous administration is pres-
ently comtemplated as the preferred administration
route. They are soluble in water.

In one exemplary application, a suitable amount of
compound is intravenously administered to a heart at-
tack victim undergoing angioplasty. Administration
occurs during or several minutes prior to angioplasty,
a.nd 1s in an amount sufficient to inhibit platelet aggrega-
tion, e.g. an amount which achieves a steady state
plasma concentration of between about 0.01-30 uM,
preferably between about 0.03-3 uM. When this amount
is achieved, an infusion of between about 0.1-100 mg
per kilo per min., preferably between about 1-20 mg per
kilo per min. is mamtmncd to inhibit platelet aggrega-
tion. Should the patient need to undergo bypass sur-
gery, administration may be stopped immediately and
will not cause complications during surgery that would
be caused by other materials such as aspirin or mono-
clonal antibodies, the effects of which last hours after
cessation of administration.

The present invention also includes a pharmaceutical
composition comprising compounds of the present in-
vention and tissue type plasminogen activitor or strep-
tokinase. The invention also includes a method for pro-
moting thrombolysis and preventing reocclusion in a
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patient which comprises administering to the patient an
effective amount of compositions of the invention.

The present invention may be embodied in other
specific forms without departing from the spirt or essen-
tial attributes thereof. Thus, the specific examples de-
scribed above should not be interpreted as limiting the
scope of the present invention.

While the invention has been described and illus-
trated in reference to certain preferred embodiments
thereof, those skilled in the art will appreciate that vari-
ous changes, modification and substitutions can be made
therein without departing from the spirt and the scope

of the invention. For example, effective dosages other

than the preferred doses as set fourth hereinabove may
‘be applicable as a consequence of variations in the re-
- sponsiveness of the mammal being treating for severity

10
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of clotting disorders or emboli, or for other indications
for the compounds of the invention indicated above.
Likewise, the specific pharmacological responses ob-
served may vary according to and depending upon the

‘particular active compound selected or whether there

are present pharmaceutical carriers, as well as the type
of formulation and mode of administration employed,
and such expected variations or differences in the re-
sults are contemplated in accordance with the objects
and practices of the present invention. It is intended,
therefore, that the invention be limited only by the
scope of the claims which follow and that such claims
be interpreted as broadly as is reasonable. |

The following compounds are further illustrative of

15 the scope of the present invention:

TABLE 2
Rl
RZ
CO5R3
Zo=Y =X
R! Z Y X R? R3
H (CH>)3 NHCO (|:|.'l H
HN CH;NHCCH;
- QOCHCOsH H)r;N— ' O OCH,Ph CH;j
CH,CHj NH CH> CH,S0,Ph CyH;
| |- / \
HiNC— CH,— No—
o
{
0
- (OCH>;CH3 lﬁTH = (CH2);O(CH2)— CO F H
Hy;N—C-—NH—
Cl CH;CH,OCH3 ~—{(CH7)¢ CONH ﬁ' o H
N— |
Ph CH:-—C-—CH;—[ ]
CH3NHCH - NHSO O CH CH
3 2 NH _ CII'I3 2 “ ' 3 3
}_N | —CH CH,CNH~CH=CO;H
H
CH3SO»CH; ﬁ»' —CH=CH,— CH>NHSO,CH>CHj3 CyHs
| S
N fcmhﬁ: :Hiau
—CH;COH r"m CH> (|3H2Ph (|3H3 H
CH3;NHCNH~— = CH3SO3NH==CH==CNH=CH=CO,H
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TABLE 2-continued
R ]
RZ
CO5R3
2=—Y~—X
R1 y4 Y | X R? &
F (CH»)s O CH,;0CHj; H

HNQ—

What is claimed is:
1. A compound of the formula:

Rl 1 20
RZ
RI!
CO;R3
25
Z=—Y=—X

and the pharmaceutically acceptable salts thereof,
wherein
Rlis chosen from 30
H,
Ci.6 alkyl,
phenylCi.0alkyl,
phenyl,
carboxy, 35
Ci.6 alkyloxy,
carboxyCgp.¢alkyl,
carboxyCo.¢alkyloxy,
hydroxyCo.salkyl,
Ci-4 alkylsulfonylCg.galkyl, 40
Co4 alkylaminoCg.ealkyl,
Co-10 phenylalkylaminoCo.¢alkyl,
Ca-10 acylaminoCg.galkyl,
Ci-4 carboalkoxyCog.galkyl, or
halogen; 45
R2 is independently
H,
halogen,
hydroxy,
Ci.¢ alkyloxy, 50
phenylCp4alkyl,
phenylCgealkyloxy,
Ci.¢ alkyl, wherein the alkyl group is unsubstituted
or substituted with one or more groups chosen
from: hydroxy, Cj4 alkyloxy, aminoCj.jpalkyl- 55
carbonyl, phenyl Co.joalkylcarbonyl, Ci.¢ alkyl-
carbonyl amino, phenylCq.¢ alkylcarbonylamino,
Ci.¢ alkylsulfonyl, Ci.¢ alkylthio, phenylCo.10
alkylsulfonyl, phenylCj.g alkylthio, Cj.¢alkylsul-

Ci.¢ alkyloxycarbonyl, or
phenylCq.ealkyloxycarbonylamino Cj.¢alkyl;

R3is |
H,

Ci-6 alkyl, or
phenylC;j.joalkyl;

Z 1s

a 6-membered monocyclic saturated ring system con-
taining one nitrogen as the single heteroatom and
either unsubstituted or substituted with R4 or R>
wherein R4 and R are independently H, C;.¢ alkyl,
or phenyl Cj.1p0alkyl wherein said alkyl groups are
unsubstituted or substituted with Cj.salkyloxy,
carboxy Co.¢ alkyl, hydroxy, or halogen;

Y 1s ,
-Ci-.10 alkyl- either unsubstituted or substituted

with one or more groups selected from R4 or R3;

-C4.g cycloalkyl-, -phenyl-,
-Co-3alky! phenylCo jalkyl-,
-Co-3alkyl phenylCg.3alkylcarbonyl-,
-Co.3 alky]l phenylCq_3alkylcarboxamido-,
-Co-3 alkyl phenyloxyCq.3alkyl-,
-Co-3alkyloxyCp.6alkyl-,

O 0O
I

I
—C=NH~, or —NH—C—;

—CONR4—,
_CHZ_:
—CH—CH-—,
—C—C—,
—NRA4CS—,
—CSNRA4—,
—SO;NR4—, or
—NR4S0O>—.
2. A compound according to claim 1 wherein said

fonylamino, phenylCo.;0 alkylsulfonylamino, 60 compound is:

Ci-10 alkyloxy carbonylamino, phenylCq.¢ alkyl-
amino, phenylCgoealkyl carbonylamino, amino,
carboxyl, phenyl,;

Methyl  3-{4-(4-N-t-Butyloxycarbonylpiperdin-4-yl)-
~ butyloxyphenyl]-2(benzyl)propanoate; or
3-[4-(4-Piperidin-4-yhbutyloxyphenyl]-2-(benzyl)-

carboxyl, propanoic acid; or
Ci.¢ alkylcarbonyl, 65 Methyl 2-carbomethoxy-3-[4-(4-N-t-butyloxycarbonyl-
phenylCy.j0alkylcarbonyl, piperidin-4-y)butyloxyphenyl]propanoate; or

Ci-salkyloxycarbonylaminoC,.¢alkyl,
Co-salkylaminocarbonylaminoCi.¢alkyl,

2-Carboxy-3-[4-(4-Piperidin-4-yl)butyloxyphenyl]-

propanoic acid; or
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Methyl 2-(Benzyloxycarbonyl)-3-[4-(4-N-t-butylox-
ycarbonylpiperidin-4-yl)butyloxyphenyl]propanoate;
or

2-(Carbomethoxy)-3-[4-(4-N-t-butyloxycarbonylpiperi-
din-4-ybutyloxyphenyl}propanoic acid: or 3
2-(Carbomethoxy)-3-[4-(4-piperidin-4-yl)butyloxy-

- phenyl]propanoic acid; or ' '

Methyl  3-[4-(4-N-t-butyloxycarbonylpiperidin-4-y})-
butyloxyphenyl]propanoate; or

Methyl 2-Hydroxy-3-[4-(4-N-t-butyloxycarbonylpiperi-
din-4-yl)butyloxyphenyljpropanoate; or

2-Hydroxy-3-[4-(4-piperidin-4-yl)butyloxyphenyl]-
propanoic acid.

3. A compound accordmg to claim 1 wherein said

compound is:

Methyl 2- [4-(4-N-t-Butyloxycarb0ny]p1pend1n-4-yl)

butyloxy]phenylmethyl-3-(n-butylthio)propanoate;

or |

Methyl  2-{4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)-
butyloxy]phenylmethyl-3-(n-butylsulfonyl)propano-
ate; or

2-[4-(4-Piperidin-4-yh)butyloxy]phenyimethyl-3-(n-
butylsulfonyl)propanoic acid; or

Methyl 2-[4-(4-N-t-Butyloxycarbonylplpend1n-4-yl)
butyloxy}phenylmethyl-3-(benzylthio)propanoate; or

Methyl 2- [4-(4'—pi'peridin-4-yl)-butyloxy]phenylmethyl-
3-(benzylsulfonyl)propanoate; or

2-[4-(Piperidin-4-yl)butyloxy]phenylmethyl-3- (benzyl-

. sulfonyl)propanoic acid; or
Methy] 2-[4- (4-N-t-Butyloxycarbanylplpendm -4-y1)-
- butyloxy]phenylmethyl-3-(benzylamino)propanoate;
or

2-[4- (Plpendln-4-yl)butyloxy]phenylmethy] 3-(ben-
zylamino)propanoic acid; or

Methyl  2-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)-
butyloxy]phenylmethyi-3-(amino)propanoate; or
Methyl  2-{4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)-

- butyloxy]phenylmethyl-3-(benzoylamino)propano-

ate; or

- 2-[4-(Piperidin-4-yDbutyloxylphenyimethyl-3- (ben-
zoylamino)propanoic acid; or

Methyl 2-[4-(4-N-t-Butyloxycarbonylpiperidin-4-yl)-'-
butyloxy]phenylmethyl-3-(n-butylsulfonylamino)-
propanoic acid, or
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2-[4-(Piperidin-4-y)butyloxy]phenylmethyl-3-(n-butyl-
sulfonylamino)propanoic acid.
4. A method of blocking fibrinogen from acting at its
receptor site in a mammal, including a human compris-

' ing administering a pharmacologically effective amount

of a compound as claimed 1n claim 1.

8. A method of preventing thrombus and embolus
formation in a mammal, including a human, in need
thereof, comprising administering a pharmacologically
effective amount of a compound as claimed in claim 1.

6. A method of treating thrombus and embolus for-
mation in a mammal, including a human, in need
thereof, comprising administering a pharmacologically
effective amount of a compound as claimed in claim 1.

7. A method of inhibiting aggregation of blood plate-
lets in a mammal, including a human, comprising admin-
istering a pharmacologlcal]y effective amount of a com-
pound as claimed in claim 1. |

8. A pharmaceutical composiiton, comprising a com-
pound as claimed in claim 1, and a pharmaceutically
acceptable carrier.

9. The composition as claimed in claim 8, in which
said pharmaceutically acceptable carrier consists of a
sustained release pharmaceutical formulation.

10. A pharmaceutical composition for inhibiting the
binding of fibrinogen to blood platelets in a mammal,
including a human, comprising a compound of claim 1
and a pharmaceutically acceptable carrier.

11. A pharmaceutical composition for inhibiting the
aggregation of blood platelets in 2a mammal, including a
human, comprising a compound of claim 1 and a phar-
maceutically acceptable carrier.

12. A composition for preventing thrombus or embo-
lus formation in a mammal, including a human, pharma-
ceutically acceptable carrier.

13. A composition for treating thrombus or embolus
formation in a mammal, including a human, comprising
a compound of claim 1 and a pharmaceutically accept-
able carrier.

14. A method for inhibiting the aggregation of blood
platelets in a mammal, including a human, comprising
administering the composition of claim 8.

15. A method for prevénting or trcating thrombus or

embolus formation in a mammal, comprising adminis-

tering the composition of claim 9.
* % %* % %
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